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FOREWORD 


This  report  was  prefared  by  the  Conaunication  and  Navigation 
laboratory*  Weapons  and  Components  Division*  Wright  Air  Development 
Center*  Work  reported  herein  was  accomplished  under  Research  and 
Development  Order  R112-28*  "Suppression  of  ft'eoipitation  Statio*" 
This  is  the  first  report  of  a  series  id  be  issued  on  this  project} 
later  reports  will  be  published  as  the  research  progresses* 

Personnel  of  Communication  and  Navigation  laboratory  who  partic¬ 
ipated  in  the  project  were*  Mr.  P*  W.  Couch,  Project  Engineer; 

Mr.  C*  A.  Bartelt,  who  performed  flight  test6,  reduced  and  analysed 
data  and  prepared  the  report;  and  Mr.  Q*  J*  Porter,  who  rendered 
much  valuable  assistance  in  calibration  and  maintenance  of  instru¬ 
ments  and  reduction  of  data* 

Flight  Test  Division,  Wri^it  Air  Development  Center,  provided 
crews  and  maintenance  far  -the  test  aircraft.  Without  their  whole¬ 
hearted  cooperation,  the  research  described  in  this  report  would 
have  been  impossible* 
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ABSTRACT 


The  problem  of  precipitation  static  is  beooming  increasingly 
severe  with  present-day  high-speed  aircraft.  The  use  of  large 
transparent  plastic  surfaces  with  various  antenna  mounted  under 
the  plastic  surface  accentuates  the  problem.  A  B-45A  type  air¬ 
craft  was  instrumented  to  measure  the  electrostatic  condition  of 
the  aircraft  and  the  canopies  in  flight.  Eleven  flights  have  been 
made  through  atmospheric  conditions  varying  from  clear  air  to  high- 
altitude  sn<w  and  ice  crystals  at  temperatures  of  -20  to40°C. 
Tentative  conclusions  reached  are  that  precipitation  static  generated 
on  the  canopy  is  serious.  Instrumentation  problems  for  research  on 
electrification  of  canopies  have  been  resolved,  and  quantitative 
evaluation  of  surface  treatments  to  reduce  canopy  preoipitation 
static  may  now  be  accomplished.  The  electrostatic  characteristics 
of  the  aircraft  as  a  whole  have  been  determined  over  a  very  limited 
range  of  magnitudes. 

The  security  classification  of  the  title  of  this  report  is 
UNCLASSIFIED. 


PUBLICATION  REVIEW 


This  report  has  been  reviewed  and  is  approved. 
FCR  THE  COMMANDING  GENERAL* 


Jn  CHARLES  U.  BROMBACH 
jj  Colonel,  USAF 

Chief,  Comm  and  Nav  Laboratory 
Directorate  of  Laboratories 
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INTRODUCTION 


Many  unsatisfactory  reports  have  been  received  about  precipitation  statio  in 
Radio  Compass  An/arN-6.  In  many  instances  the  preoipitation  static  is  severe 
enough  to  render  the  compass  useless*  This  is  particularly  true  of  jet  aircraft 
having  large  plastic  canopies*  Seme  of  the  iyP68  of  aircraft  affeoted  by  this 
interference  are  the  F-86,  F-94,  B-45,  and  the  B-47* 

One  of  the  first  attempts  to  measure  electrostatic  charging  of  jet  aircraft 
was  made  at  Air  Materiel  Command  in  November  1944,  using  a  P-59A  type  aircraft* 

The  instrumentation  was  damaged  in  flight,  and  no  data  were  obtained*  Initial 
ground  calibration  and  flights  were  started  in  January  1948,  on  an  FP-80A  which 
had  been  instrumented  at  Air  Materiel  Command*  One  flight  was  made  through  low- 
altitude  rain,  and  no  measurable  oharging  was  observed*  The  airplane  crashed  at 
the  conclusion  of  this  flight,  and  ■die  airplane  and  instrumentation  were  destroyed* 

Reports  were  received  of  severe  preoipitation  statio  interference  in  radio 
receivers  on  the  YB-49  in  May  1948*  An  eleotric  field  meter,  and  a  meter  to 
measure  trailing  wire  corona  current  were  installed  in  a  YB-49  in  June  1948,  and 
a  flight  was  made  in  clear  air*  No  measurable  fields  were  observed,  and  with  the 
trailing  wire  extended  150  feet,  there  was  no  measurable  trailing  wire  corona 
current.  A  second  F-80  was  instrumented  in  1949  and  1950  and  36  flights  were 
made  through  snow  and  ice  crystals*  The  data  are  in  prooess  of  analysis  at  this 
writing* 

Specific  details  about  which  more  complete  Information  was  sought  are*  the 
effect  of  jet  exhausts  on  the  net  charge  on  the  aircraft,  effects  of  electrostatic 
oharging  of  the  oanopies,  and  data  on  oharging  ourrent  to  the  aircraft  as  a 
function  of  true  air  speed  for  air  speeds  greater  than  300  MPH. 

A  B-45A,  serial  number  47-014,  was  reoeived  at  Wright -Patters on  Air  Force 
Base  on  7  August  1950,  and  installation  of  equipment  for  precipitation  statio 
researoh  was  initiated  on  that  date*  The  instrumentation  passed  inspection  on 
18  September  1950,  and  the  first  flight  was  made  on  2  October  1950* 
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SECTION  I- INSTRUMENTATION 


The  aircraft  has  been  instrumented  to  measure,  and  record  continuously, 
16  quantities  as  a  function  of  time.  The  quantities  to  be  measured  are* 

(1)  Charging  current  to  any  two  combination  of  four  aluminum  patches 
mounted  on  the  redone,  on  the  nose  of  the  aircraft. 

(2)  Charging  current  to  each  of  three  aections  of  the  transparent  nose 
canopy.  These  three  sections  will  hereafter  be  called  "oanopy 
collectors,"  er  Just  "collector s." 

(3)  Corona  current  from  eaoh  of  two  antennas. 


(4)  Radio-frequency  noise  inside  the  nose  oanopy,  under  either  of  *  two 
symmetrically  looated  canopy  current  collectors. 

(5)  Corona  ourrent  from  each  of  the  two  noise  probes. 

(6)  Eloctrostatto  field  at  two  points  on  the  surface  of  the  aircraft. 

(7)  Electrostatic  field  under  the  nose  oanopy,  presumably  caused  by 
electrostatic  charge  on  the  oanopy. 

(8)  Altitude. 

■  X. 

(9)  Indicated  air  speed. 


(10)  An  audio-frequency  voltage  from  the  voice  recorder  for  synchronising 
v;  the  ■voice  and  oscillograph  records.  ;  r 


A  more  detailed  description  of  the  instrumentation  with  block  diagrams  and 
photographs  follows.  * 


The  Initial  installation  was  made  without  the  noise  meter  and  noise  probes 
which  were  added  at  a  later  date.  Figure  1,  page  2,  is  a  blook  diagram  of  the 
instrumentation  without  the  noise  meter.  'Input  signals  which  were  too  snail 
in  magnitude  to  deflect  the  remote  meters  and  galvanometers  were  amplified. 

The  output  of  the  eleotric  field  meter  deteotor  heads  is  a  400-ops  sinusoidal 
voltage,  proportional  in  magnitude  to  the  magnitude  of  the  electric  field, 
and  in  phase  or  180°  out  of  the  phase  with  a  reference  voltage,  in  accordance 
with  the  polarity  of  the  applied  electrio  field*  A  deteot or-ampl if ier  circuit 
is  necessary  to  convert  the  sigral  to  a  d-c  voltage  which  changes  in  magnitude 
and  sign,  in  accordance  with  the  eleotric  field,  far  the  remote  meters  and 
galvanometers.  The  operation  of  all  circuits  used  in  this  instrumentation  is 
described  in  the  seoond  repcrt  in  this  series.  Autogenous  Electrification  of  a 
B-45A  Aircraft,  II  Instrumentation,  Q.  J.  Porter,  WADC  Technical  Report 
Number  52-34. 
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Figure  1 

Block  Diagram  of  the  Complete  Installation,  Less  Noise  Meter 
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An  1 8-channel  recording  oscillograph  is  used  to  continuously  monitor  all  16 
quantities  which  are  being  measured*  Remote  meters  are  installed  to  permit  an 
observer  to  monitor  any  4  out  of  10  preselected  quantities  during  a  test.  Adtclies 
are  used  in  conjunction  with  the  remote  meters  to  permit  the  observer  to  select 
which  4,  out  of  the  10,  quantities  he  wishes  to  monitor  during  any  given  test® 

Four  aluminum  patches  war®  used  to  measure  charging  current  to  the  aircraft# 
Figure  2,  and  Figure  3,  page  4S.  show  the  physical  installation  of  these  patches 
on  the  aircraft* 


Figure  2 

External  View  of  Nose  of  Test  Aircraft 
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Figure  3 

External  View  of  Nose  of  Test  Aircraft 

They  were  mounted  to  permit  checking  the  effect  of  angle  of  incidence,  and 
symmetry  of  charging  about  the  longitudinal  axis  of  the  aircraft.  Any  combi¬ 
nation  of  the  four  patches  could  be  applied  to  the  two  patch  amplifiers  to 
permit  testing  the  effect  of  different  angles  of  incidence,  and  different 
pro.ieoted  frontal  areas.  Unfortunately,  after  several  flights  had  been  made, 
leakage  paths  developed  across  the  insulated  band  around  the  patches,  rendering 
much  of  the  patch  ourrent  data  of  doubtful  significance. 

Electrostatic  field,  caused  by  charge  built  up  on  the  airoraft,  is  measured 
at  two  points  on  the  surface  of  the  aircraft.  One  electric  field  meter  detec¬ 
tor  head  is  located  near  the  center  of  gravity,  and  on  top  of  the  aircraft,  as 
shown  in  Figure  4,  page  5.  The  other  one  is  located  on  the  bottom  of  the  air¬ 
craft,  approximately  halfway  between  the  after  tunnel  hatch,  and  the  tail 
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Figure  4 

External  View  of  Top  of  Test  Aircraft 
Showing  Electric  Field  Meter  Detector 
Head 


Figure  5 

External  View  of  Belly  of  Test  Aircraft 
Showing  Electric  Field  Meter  Detector 
Head 


bumper,  as  shown  in  Figure  5.  Two 
electric  field  meters  were  used  to 
give  a  cross  check  between  the  two, 
and  to  help  distinguish  between 
exogenous  and  autogenous  charging.  The 
electrostatic  field  meter  under  the  nose 
canopy  measures  the  field  caused  by  the 
electrostatio  charge  on  the  outside  of 
the  canopy*  The  location  of  the  detec¬ 
tor  hea<3  is  shown  in  Figure  3,  page  4. 

Two  of  the  canopy  collection  areas 
were  made  as  nearly  symmetrical  as 
possible  about  the  longitudinal  axis 
of  the  aircraft,  in  an  effort  to  get 
identical  data  from  two  sections  of 
the  canopy.  These  collection  areas 
are  shown  in  Figure  5,  and  Figure  6, 
page  6.  These  data  were  desired  in 
order  tc  have  one  "standard"  collection 
area,  and  one  collection  area  far 
testing  formulas  for  reducing  canopy 
charging.  The  third  collection  area 
is  much  larger  than  the  two  symmetrical 
ones,  and  has  a  much  lower  angle  of 
incidence.  It  is  used  to  provide  a 
cross  check  on  the  other  two,  and  to 
check  charging  effects  at  low  angles 
of  incidence. 

Corona  currents  from  two  antennas 
were  measured  to  give  an  indication  of 
the  amount  of  radio-frequency  noise 
attributable  to  that  source.  Corona 
currents  from  the  liaison  and  compass 
sense  antennas  were  measured,  and 
recorded.  The  liaison  antenna  was 
chosen  because  of  its  highly  exposed 
(electrostatically)  location,  and  also, 
because  of  the  high  susceptibility  of 
the  liaison  receiver  to  precipitation 
static.  This  is  well  illustrated  in 
Figure  7,  page  6.  The  radio  compass 
is  also  highly  susceptible  to  precip¬ 
itation  static.  Although  the  compass 
sense  antenna  is  completely  buried  in 
the  pilot's  canopy,  it  also  was  moni¬ 
tored  for  corona  ourrent.  Figures  8 
and  9,  page  7,  show  internal  and  exter¬ 
nal  views  ftf  the  section  of 
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Figure  7 

External  View  0f  Teat  Aircraft  Showing  Liaison  Antenna 
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the  pilot's  canopy  ■which  contains  the  sense  antenna.  The  "U”  shaped  antenna 
showing  in  the  photographs  is  the  localizer  antenna.  The  sense  antenna  is 
buried  in  several  of  the  Fiberglas  ribs. 


An  RCA  type  312B  noise  meterwas  installed  in  the  interval  between  flight 
numbers  six  and  seven.  Radio- frequency  noise  was  measured  on  either  one  of 
two  noise  probes  mounted  immediately  under  the  two  symmetrical  collection 
areas.  Figures  10  and  11  show  the  installation  of  the  noise  probes.  A  coaxial 
switch  is  used  to  seleot  the  noise  probe  to  be  monitored  by  the  noise  meter* 


Figure  11 

Installation  of  Noise  Pickup  Probes  in  Nose  Canopy 
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Figure  12,  page  9,  is  a  block  diagram  of  the  noise  meter  installation.  Corona 
current  from  each  noise  probe  was  monitored  on  two  additional  channels  of  the 
osoillograph.  One  probe  was  insulated  to  prevent  it  from  going  into  corona,  and 
the  oifter  was  left  uninsulated.  Figure  13,  page  10,  and  Figure  14,  page  11,  are 
internal  views  of  the  nose  of  the  aircraft,  showing  the  complete  instrumentation, 
including  the  noise  meter.  Figure  1  and  12,  pages  2  &  9,  are  block  diagrams  of 
the  instrumentation  showing  -the  funotion  of  all  components. 


Figure  14 

Installation  of  Special  Noise  Meter  and  Associated  Equipment  in  Nose  Compartment 


The  raw  data  is  received  on  a  continuous  strip  of  paper,  containing  continu¬ 
ous  reoords  of  all  16  quantities  as  a  funotion  of  time®  Figure  15,  page  12,  is  a 
portion  of  a  record  of  this  type.  The  data  is  of  limited  usefulness  in  "this  form. 
The  most  useful  form  of  the  data  is  a  plot  on  rectangular  coordinates  of  one 
quantity  as  a  function  of  another.  Figure  16  is  a  photograph  of  a  data  analyzer 
built  for  this  laboratory  by  Gaveco  Laboratories,  Inc.  With  this  data  analyzer, 
any  given  oscillograph  trace  is  tracked  with  a  light  spot  as  the  oscillograph 
reoord  is  slowly  moved  past  the  spot.  There  are  two  such  spots  with  independent 
positioning  controls,  to  permit  two  operators  to  track  two  traces  simultaneously. 
The  output  of  the  data  analyzer,  which  is  two  independent  voltages  proportional  to 
the  positions  of  each  light  spot,  is  fed  into  an  X-Y  recorder.  The  combination  of 
the  data  analyzer,  and  an  X-Y  recorder  are  shown  in  Figure  17,  page  14.  The  result 
is  a  rectangular  plot,  similar  to  those  in  Figure  18  through  36. 
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Figure  15 

Sample  Oscillograph  Record 


Figure  16 

Data  Analyzer  HX- (XA.-123  )/U 
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Figure  17 

Variplotter  (Eleotronios  Associates,  Ino 
MX- (XA-123 )/U 


•* 


Model  205B)  and  Data  Analyzer 
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SECTION  II 

TESTS  .AND  TEST  RESULTS 

Eleven  flights  were  made  in  the  period  from  2  October  1950  through  17  March 
1951.  These  flights  were  made  through  weather  varying  from  clear  air  to  high 
level  ice  crystals  at  low  temperatures.  Clear  air  flights  were  shakedown  flights 
for  the  instrumentation,  and  also  wore  used  to  calibrate  the  altitude  and 
indicated  air  speed  traces  on  the  oscillograph.  Additional  flights  were  made 
through  precipitation,  varying  from  wet  snow  and  rain  at  or  near  the  freezing 
level  to  ice  orystals  at  temperatures  of '“20°  to  -400C. 

A  basio  piece  of  information  needed  to  determine  the  charging  characteristics 
of  the  aircraft  is  the  manner  in  which  the  electrostatic  field  varies  with  the 
charging  ourrenf.  This  information  was  obtained  by  flying  through  precipitation 
of  varying  density  with  uniform  power  settings.  Oscillograph  records  were  obtained. 


Figure  18 

Top  Eleotrio  Field  as  a  Funotion  of  Charging  Current 
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Figure  19 

Bottom  Electric  Field  as  a  Function  of  Charging  Current 
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on  flight  numbers  four  and  six  which  were  suitable  for  obtaining  this  data. 
Figures  18,  19,  20, and  21,  pages  15,  16,  17,  and  18,  respectively,  are  graphs 
made  with  the  Data  Analyser  of  portions  of  the  oscillograph  records  from  flight 
numbers  four  and  six.  It  say  be  seen  readily  that  the  relationship  between 
charging  current  to  the  metal  patches  and  electric  field,  for  charging  currents 
to  the  patches  less  than  or  equal  to  one  microampere,  and  bottom  eleotrio  fields 
less  than  or  equal  to  1,000  volts  per  cm,  is  approximately  linear.  The  total 
oharging  current  to  the  aircraft  is  approximately  1,300  times  the  patch  charging 
current,  which  gives  a  total  charging  current  to  the  airplane  of  about  1.3 
milliamperes  to  produce  an  electric  field  at  the  bottom  electric  field  meter  of 
1,000  volts/cm.  The  multiplier  of  1,300  was  arrived  at  as  the  ratio  of  the 
total  projected  frontal  area  of  the  aircraft  to  the  projected  frontal  area  of 
the  patches.  The  linear  relationship  between  charging  current  and  electric 
field  is  to  be  expected  up  to  the  point  where  discharge  mechanisms  other  than 
the  engine  exhausts  begin  to  operate. 

Figure  22,  page  20,  snows  the  relationship  of  top  electric  field  on  the 
aircraft  as  a  whole  to  the  charging  current  to  the  plastic  nose  canopy  to  be 
approximately  linear,  up  to  fields  of  -380  7/cm  and  currents  of  ~5  microamperes* 
Currents  to  tiie  collector  a~ea  would  be  expected  to  bear  some  relationship  to 
the  electric  field  on  the  aircraft,  although  not  necessarily  the  same  relation¬ 
ship  the  mo -sal  patch  currents  bear  to  the  field.  The  ratio  of  canopy  collection 
current  to  metal  patch  current,  corrected  for  differences  of  area,  varied  from 
1.34  at  one  microampere  collector  current  to  0.48  at  six  microamperes  collector 
current.  The  charging  currents  to  the  aluminum  and  Flexiglas  were  equal  at  a 
current  of  five  microamperes  to  the  collector  area.  This  crossover  was  probably 
caused  by  different  angles  of  incidence  of  the  aluminum  patches  and  the  collector 
area,  variation  of  angle  of  incidence  over  the  collector  area,  and  differences 
in  surface  conditions  on  the  two  regions. 

The  expected  relationship,  based  on  previous  experience  with  conventional 
type  airoraft,  between  true  air  speed  and  charging  current  isj 

1  -  <*±  (ta  s)3,  (1) 

Where  cK.is  a  constant  of  proportionality.  Since  electric  field  is  a  linear 
function  of  oharging  current  for  low  magnitudes  of  eleotrio  field* 

£  -  (Tfisf  (2) 

oC-t.  is  a  constant  of  proportionality.  The  effect  of  the  higher  conductivity 
of  the  jet  exhausts  should  be  to  reduoe  the  exponent  of  the  t*ue  air  speed  term 
in  equation  2.  Figure  23-A,  page  21,  is  a  graph  of  electric  field  vs  Indicated 
air  speed.  Figure  23-B,  page  21,  is  a  replot  of  Figure  23A  on  log-log  graph 
paper.  Figure  23-B  indicates  tint  the  exponent  is  not  constant,  and  that  the 
straight  portion  of  the  curve  has  an  exponent  of  six.  It  is  evident  that  this 
portion  of  the  data  was  not  taken  during  uniform  oharging  conditions,  and  that 
additional  data  of  this  type  are  needed* 
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Figure  23B 

Top  Electric  Field  as  a  Function  of  IAS  on  Log  Log  Coordinates 
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The  ratio  of  the  reading  of  the  bottom  electric  field  meter  to  the  reading  of 
the  top  electric  field  meter,  under  pure  autogenous  charging,  should  be  known  in 
order  to  make  it  possible  to  distinguish  between  autogenous  and  exogenous  charging. 
This  ratio  may  be  determined  from  the  data  of  Figures  18,  19,  20,  and  21,  pages  15, 
16,  17,  and  18.  The  ratio  of  the  electric  fields  for  equal  charging  currents  is 
1.7,  determined  from  data  of  Figures  18,  19,  20,  and  21.  This  ratio  may  be  ver¬ 
ified  by  plotting  one  electric  field  meter  as  a  function  of  the  other.  This  has 
been  done,  and  Figures  24  and  25,  pages  23  and  24,  show  the  results.  The 
relationship  is  linear,  and  the  ratio  of  bottom  to  top  eleotric  field  meters  is 
approximately  two.  The  data  for  Figures  24  and  26  were  taken  under  widely 
different  conditions,  which  should  give  a  great  deal  of  validity  to  tiie  ratio  bf 
two. 


The  B-45  and  B-17  type  aircraft  are  similar  in  size  and  shape.  Previous 
tests  have  been  made  on  a  B-17  type  aircraft,  with  an  antenna  plaoed  in  a  compar¬ 
able  location  to  the  liaison  antenna  on  the  B-45.  Mso,  the  B-17  had  eleotric 
field  meter  detector  heads  looated  in  similar  locations  to  the  ones  on  the  B-45. 
Thus,  there  should  be  an  almost  direct  comparison  between  the  data  frcm  the  B-17 
and  from  the  B-45. 

Tests  on  the  B-17  show  that  the  liaison  antenna  on  the  B-45  should  have  a 
corona  threshold  in  the  vicinity  of  250  volts/cm,  measured  on  top  of  the  aircraft. 
Figure  26*  page  25,  shows  that  the  corona  threshold  for  the  liaison  antenna  on  th© 
B-45  was  about  500  volts/om  measured  on  the  bottom.  If  the  ratio  of  two  is  used 
for  the  conversion  to  top  fields  we  get  250  volts/cm,  measured  at  the  top  for  the 
corona  threshold  of  the  liaison  antenna.  This  is  in  good  agreement  wiih  th®  B-17 
data  and  also  gives  additional  verification  to  the  ratio  of  two  for  bottom  electric 
field  to  top  eleotric  field,  Figure  26,  page  25,  shows  the  discharge  characteristic 
of  this  antenna  is  approaching  a  linear  function  of  the  electric  field  up  to  10 
microamperes.  Previous  experience  in  the  high-voltage  laboratory,  and  in  flight 
tests  indicate  that  discharge  ourrent  from  a  wire  should  increase  as  some  rather 
large  exponent  of  the  electric  field.  T^is  exponent  should  be  at  least  two,  and 
may  go  as  high  as  six  or  more,  ^he  discrepancy  nay  be  accounted  for  in  the 
inherent  large  scatter  in  the  data,  and  in  the  limited  range  of  oorona  currents 
experienced.  The  preceding  data  were  taken  at  a  true  air  speed  of  385  mph.  T^e 
effeot  of  air  speed  on  the  exponent  of  the  electric  field  is  unknown,  particularly 
at  true  air  speeds  above  300  mph. 

Figure  27,  page  26,  shows  the  relationship  between  the  nose  electric  field 
meter  and  left  front  collector  current.  Ahe  positive  sign  indicates  a  positive 
charge  at  the  deteotor  head,  indicating  a  negative  charge  on  the  nose  canopy.  Data 
of  this  type  are  difficult  to  obtain,  since  charging  currents  too  minute  to 
measure  with  the  present  instrumentation  would  charge  the  canopy  to  high  values  of 
eleotric  field,  and  this  charge  would  remain  on  the  canopy,  often  until  the  air¬ 
craft  was  on  the  ground.  A  significant  relationship  would  be  the  nose  electrio 
field  as  a  function  of  the  charge  on  the  canopy.  The  charge  on  the  canopy  should 
be  proportional  to  the  charging  current  to  the  collection  area,  multiplied  by  the 
duration  of  the  ourrent.  ^he  oonstant  of  proportionality  includes  a  factor  to 
extend  the  data  obtained  from  the  collection  area  to  the  entire  canopy. 
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Figure  24  Top  Electric  Field  as  a  Function  of  Bottom  Electric  Field 
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Figure  27 

lose  Eleotric  Field  as  a  Function  of  Canopy  Charging  Current 
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Bottom  Left  Collection  Area 


Figura  28  is  a  plot  of  the  nose  electric  fie  Id  as  a  function  of  tbs  charging 
current-time  product®  la  tSs®  preceding  paragraph,  asntion  was  made  of  electric 
charge  remaining  on  the  canopy  for  relatively  long  periods?  of  time®  This  shews 
that  tho  canopy  is  a  good  insulator®  Sloe  trio  field,  caused  by  charge  on  the 
canopy,  should  increase  linearly  with  the  quantity  of  charge  on  the  canopy, 
assuming  no  leakage®  The  gradient  across  the  surface  of  the  canopy  then,  may 
easily  become  high  enough  for  localised  electrical  breakdown  to  occur  across  the 
surface  of  the  canopy®  This  streamer ing  aonses  the  surface  offers  a  satisfactory 
explanation  for  the  nonlinearity  of  the  curve  of  Figure  28®  Streamering  would 
also  account  for  the  decrease  in  electric  field  with  an  increase  in  tbs  charging 
current-tirne  product®  This  str earner ing  is  believed  to  be  the  source  of  fcadio- 
frequency  noise  coupled  into  receiving  antennas  placed  under  the  canopy® 

V/CM  FIELD 


Figure  28 

Nose  Electrio  Field  as  a  Function  of  Canopy  Charging  Current-Time  Product 
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The  relationship  of  nose  electric  field  to  indicated  air  speed  is  seen  in 
Figure  29  to  be  approximately  linear.  A  more  significant  relationship  would  be 
canopy  charging  current  as  a  function  of  indicated  air  speed.  Graphs  of  each 
collector  current  as  a  function  of  indicated  air  speed  are  shown  in  Figure  30  and 
SI,  page  29,  taken  on  two  different  flights.  The  large  difference  in  magnitude  is 
undoubtedly  due  to  a  difference  in  preoipitation,  and  no  particular  significance 
should  be  attached  to  that  difference.  However,  the  graphs  give  some  limited 
information  about  the  variation  of  charging  current  with  indicated  air  speed. 


Figure  29 


Nose  Eleotrio  Field  as  a  Function  of  IAS 
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ch  4  Bottom  Left  Collection  Area  -  ^tA 


Figure  30 

Canopy  Charging  Current  as  a  Function  of  IAS 


which  in  the  case  of  Figure  31,  page  30,  appears  to  be  linear*  This  agrees  with 
the  data  of  Figure  29  for  small  currents  and  fields.  However,  Figure  30, shows 
the  relationship  of  the  left  collector  area  current  to  indicated  air  speed  over 
three  times  the  range  of  magnitudes  of  collector  currents  used  in  Figure  Sl< 

The  more  extensive  data  is  represented  by  the  following  empirical  equations 

I  -  0.011  (IAS)  1,58  (3) 

Good  data  on  the  relationship  of  the  right  front  to  left  front  collector 
currents  were  obtained  on  flights  six  and  eight.  Equations  empirically  deter¬ 
mined  from  Figures  32,  33,  and  34,  pages  31,  32,  and  33,  are  respectively* 

Right  Collector  current  ■»  1.1  Left  collector  current  (4) 
plus  1.7 

Right  Collector  crusrent  =  Left  collector  current  plus  1  (5) 

Right  Collector  current  •»  1.33  Left  collector  current  (6) 


WADC  TR  52-34,  Part  I 


29 


All  ourrents  in  the  above  equations  ere  in  microamperes*  A  cheek  -was  mad®  at  a 
different  part  of  the  data  from  flight  six  than  the  &ove  data  was  taken  from®  It 
revealed  that  for  ourrents  greater  than  1*5  microamperes,  the  currents  to  th© 
right  and  left  front  collector  areas  vefe  equal.  However,  at  currents  below  this 
values  the  right  colleotor  had  a  greater  current  than  the  left  collectors  and  even 
showed  a  current  of  one  microampere  when  the  left  oolleotor  had  no  current®  It 
is  evident  that  the  right  colleotor  area  has  a  characteristically  higher  charging 
rate  than  the  left  collector  area.  The  reason  for  this  condition  is  impossible 
to  determine  exaotly  with  our  existing  facilities.  However,  the  right  collector 
area  is  4*75^  larger  than  the  left  collection  area,  and  there  undoubltedly  are 
differences  in  the  surface  conditions  on  the  canopy,  whioh  can  markedly  alter  the 
charging  characteristics* 

The  airoraft  used  JP-1  fuel  up  to  and  including  flight  4*  After  flight  four, 
and  before  flight  five,  the  aircraft  was  modified  to  use  JP-3  fuel*  Some  charg¬ 
ing  of  the  aircraft  was  observed  on  the  first  four  flights  which  was  attributed 
to  charging  by  the  engine  exhausts.  The  maximum  fields  observed  whioh  were 
caused  by  engine  exhausts  are  shown  in  Table  I,  Page  33* 


Figure  31 

Canopy  Charging  Current  as  a  Function  of  IAS 
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Figure  52 

Left  Canopy  Collector  Current  as  a  Funoticn  of  Eight  Canopy  Collector 
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Figure  33 

Left  Canopy  Collector  Current  as  a  Function  of  Right  Canopy  Collector 

Current 
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Left  Canopy  Collector  Current  as  a  Function  of  Eight  Canopy  Collector 

Current 


Table  I 


Electric  Fields  Caused  by  Engine  Charging 


Location  of  Field  Meter 


Magnitude 


Top  electric  field 
Bottom  electric  field 
Nose  electric  field 


plus  40  V/cs 
plus  100  v/cm 
plus  15  V/cm 


The  positive  sign  again  indicates  a  positive  charge  on  the  airplane.  After  th© 
fuel  modification,  no  charging  was  observed  which  would  be  attributed  directly 
to  engine  charging.  Negative  fields  were  usually  observed  on  the  aircraft 
immediately  after  take-off,  unless  sane  precipitation  was  encountered.  These 
fields  were  of  the  order  of  «-500  V/ern  on  the  bottom  electric  field  meter,  and 
were  attributed  to  smoke  and  dust  particles  in  the  air  close  to  the  ground.  No 
evidence  was  obtained  of  momentary  reduction  of  precipitation  static  by  a  sudden 
increase  of  engine  power,  as  has  been  reported  by  pilots® 


It  is  extremely  difficult  to  find  sections  of  oscillograph  record  with  use¬ 
ful  data  on  nos®  electric  field  vs  noise®  In  many  cases,  the  nose  field  will 
build  up  to  a  high  value,  and  remain  unchanged  for  long  periods  of  time®  Any 
measurable  change  in  nose  field  will  ordinarily  drive  th©  noise  trace  off  seal© 
or  will  give  such  erratic  readings  that  for  all  quantitative  purposes,  th©  data 
is  useless.  Two  sections  of  data  were  analyzed,  and  Figures  55,  page  34  and 
Figure  36,  page  3S,  show  the  results®  These  curves  were  plotted  for  small 
magnitudes  of  nose  field,  and  relatively  low  values  of  noise. 
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on  the  Canopy  as  a  Function  of  Nose  Eleotrio  Field 
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Data  -were  obtained  on  flight  nine,  in  which  the  noise  level  under  the  oanopy 
went  as  high  as  20,000  miorovolts,  at  a  frequency  of  300  ko.  These  data  were 
obtained  on  a  letdown  through  a  cirro-stratus  layer  at  20  to  25,000  feet  at  a 
temperature  of  about  -30°C.  The  noise  was  the  same  under  either  collection  area* 
Many  times  during  this  flight,  the  noise  under  the  oanopy  was  as  great  as  5,000 
or  10,000  microvolts.  The  left  collection  area  was  treated  with  a  type  K-51, 
antistatic  pblish  sample  submitted  by  Bjorksten  Laboratories.  Table  II  shows 
the  noise  under  the  oanopy  as  measured  first  with  one  probe,  and  then  with  the 
other. 


Table  II 


R-F  Noise  Measured  on  Nose  Canopy 


Collector  Area 

Noise 

Remarks 

Right 

1,500  uV 

Charging  current  was 

Left 

250  uV 

decreasing  in  the  inter¬ 

Right 

800  to  1,000  uV 

val  of  measurement 

Left 

1,000  uV 

Charging  I  -0.85  micro¬ 
amperes* 

Right 

3,500  uV 

Charging  I  -0.75  micro¬ 
amperes* 

♦Electric  field  constant  for 
these  two  readings 

Collector  currents  were  measured  at  another  part  of  the  record,  to  determine  the 
effect  of  K-51  treatment  on  charging  currents.  The  current  to  the  right  collection 
area  was  negative,  while  at  the  same  instant,  the  current  to  the  left  collection 
area  was  either  zero,  or  slightly  positive.  At  this  time,  the  charging  current 
was  very  erratic.  Table  III  shows  noise  measurements  on  both  noise  probes.  Each 
pair  of  readings  were  taken  within  bne  second  of  each  other,  which  should  minimize 
fluctuations  of  precipitation  density  between  readings.  These  data  were  taken  on 
flight  eleven. 

Table  III 

Comparative  R-F  Noise  Measurements  on  the  Noise  Probes 
Left  collector  area  Right  collector  area 


4  uV 
or  8  uV 

4 

5 
5 
5 
3 
5 


10  uV 
35  uV 
40  or  50 
25 

25 
15 
10 

26 
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Unclassified 


The  data  obtained  on  charging  current  to  the  nose  canopy,  electric  field 
under  the  nose  canopy,  and  noise  under  the  nose  canopy  fefe©  somewhat  inconclusive* 
One  reason  for  this  fact  is  that  insufficient  flight  tie®  in  suitable  precipitation 
was  obtained®  However,  sufficient  data  were  obtained  to  point  out  the  deficiencies 
in  the  present  instrumentation®  These  deficiencies  ares  insufficient  sensitivity 
in  the  collector  current  measuring  circuit,  and  insufficient  sensitivity  in  the 
sense  antenna  corona  current  measuring  circuit* 

A  new  set  of  instruments  for  the  airplane  has  been  built  which  will  correct 
these  deficiencies,  as  well  as  several  others,  such  as  noisy  field  meter  outputs, 
zero  drift  in  one  of  the  electric  field  meter  circuits,  and  nonlinearity  in  all 
circuits* 


SECTION  III  -  CONCLUSIONS 

All  conclusions  are  tentative,  and  are  subject  to  revision  when  tiie  airoraft 
beoomes  available  for  additional  research,  and  extension  of  data  already  obtained* 

There  is  an  inherent  large  scatter  in  much  of  the  data  described  in  this 
report*  The  eource  of  this  scatter  is  lack  of  information  about  precipitation 
density  and  uniformity,  and  the  lack  of  olosely  controlled,  known  conditions. 

This  scatter  prevents  the  making  of  any  but  general  statements  about  empirically 
derived  constants  and  equations.  The  material  in  this  report  covers  a  very 
limited  range  of  magnitudes,  and  a  limited  amount  of  data.  For  the  above  reasons, 
good  agreement  with  data  from  other  sources  is  not  to  be  expected.  However, 
agreement  with  other  data  is  good  enough  on  several  characteristics  to  state  that 
jet  aircraft  are  not  significantly  different  from  conventional  aircraft,  except 
as  affected  by  the  higher  discharging  capacity  of  jet  engines,  and  higher  speeds. 

Low-frequency  radio  noise  generated  on  the  outside  surface  of  the  canopy, 
and  measured  on  an  antenna  under  the  oanopy,  is  very  intense,  even  under  very 
light  charging  conditions.  This  conclusion  is  further  substantiated  by  the 
relatively  large  number  of  Unsatisfactory  Reports  received  from  field  installations 
citing  precipitation  static  failures  of  radio  compass  receivers  using  antennas 
under  or  near  large  non-conducting  surfaces. 

Additional  information  is  needed  on  the  characteristics  and  mechanism  of 
canopy  oharging,  and  on  radio-frequency  noise  caused  by  this  oharging.  After 
this  information  is  obtained,  testing  of  oanopy  treatments  to  reduce  this  noise 
may  be  continued  on  this  aircraft* 

Additional  information  is  also  needed  on  the  general  charging  characteristics 
of  the  airoraft,  and  on  the  discharging  capacity  of  jet  engines. 
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